Context: Castability has been found to be affected by many aspects of the entire casting system. Very few references in dental literature are available regarding recasting of the base metal alloys. Aims: To evaluate and compare the castability of fresh and reused nickel-chromium alloy and to evaluate the effect of two brands of investment materials on castability of nickel-chromium alloy. Subjects and Methods: For the experimental purpose of evaluation of the effect of recasting of nickel-chromium alloy on its castability, different percentages of new and casted alloy (Nickel-chromium alloy-(Wirolloy NB, Type 4 (Ni-67%; Cr-25%; Mo-5%; Si-1.5%; Mn, Nb, B, C each <1%) and two commercial brands of investment materials namely, Deguvest Impact (Degudent; Dentsply Germany) and Bellavest SH (Degudent; Dentsply Germany) was used to obtain 30 samples. Castability value was obtained using Whitlock's formula. Student t-test and one way ANOVA using SPSS 20.0 software was done. Results: The results of this study confirm earlier works that demonstrate that there is no significant difference in castability values of new and recast alloys. In addition, it also demonstrated, there was no difference in castability using Deguvest Impact and Bellavest SH investment materials. Conclusions: Within the limitations of the study, it was concluded that there was no significant difference found in castability of different percentage combinations of new and once casted alloy using two investment materials. The addition of new alloy during recasting to maintain the castability of nickel-chromium alloy may therefore not be required.
The success of nickel-chromium-cobalt alloys in the fabrication of metal frameworks for removable partial dentures is attributed to their excellent mechanical properties, high-corrosion strength, low density, and reduced cost. [2] Nevertheless, despite their satisfactory clinical performance and high modulus of elasticity, which gives them rigidity even in small sections, these alloys have limitations related to their high hardness, laboratory processing, low-flow rate, and the most frequently reported high incidence of incomplete margins. [2] In our current economy, it is obligatory that dentists and technicians be cost conscious about the materials they use in fixed prosthesis. [1] The preferential use of precious metal alloy like gold alloy which was in use as a restorative material for a long time has almost been eliminated by the elevated cost and resulted into subsequent demand for semi-and non-precious base metal alloys in dental procedures. [1] Indian Journal of Dental Research, 27(2), 2016 Castability has been found to be affected by many aspects of the entire casting system. [3] Alloy composition, density, surface tension, new or reused metal, investment brand, mold temperature, the casting machine, the position of the pattern in the mold, the surface ratio, and sprue attachment design all play a role in castability. [3] Determining an appropriate method to measure the castability of dental alloys is difficult when dealing with different casting equipment (torch, electric, and induction) and alloys that vary markedly in composition and physical properties. [4] The problem is compounded by the fact that the test methodology and test monitors (specimen configurations) differ widely in different castability testing. [4] Despite the absence of a recognized classification system, at least, three types of castability tests exist. [4] These categories are sufficiently distinct to warrant identification as abstract tests (nondental patterns), simulation tests (patterns of idealized dental restorations), and replica tests (patterns of dental restorations). [4] Because of the nobility of the contents of the gold alloys, it has been possible to recast the material repeatedly without losing any of its required properties. [1] However, same cannot be said about base metal alloys, due to lack of research work, and literature available. [1] Invariably, the manufacturers of base metal alloys instruct to use the alloy only once. [1] Therefore, it will be of great advantage, both economically and environmentally to recycle, or to recast the alloy with or without adding new alloy. [1] Very few references in dental literature are available regarding recasting of the base metal alloys. A few have tested the properties of the alloy by casting the used material, and others have tested by adding new material to the casted alloy. [1] It will be of definite scientific advantage if the properties of the recast alloys are studied in detail, and directions were given to prosthodontist and laboratory technicians. [1] The aim of the study was to investigate, evaluate, and compare the castability of six different nickel-chromium alloy combinations using two different investment materials.
SUBJECTS AND METHODS
The two commercially available brands of investment material and six different combinations of Nickel-chromium alloy used in the study are listed in Table 1 .
Specimen preparation
The wax mesh (Wachsgitter-Retentionen, BEGO, Germany) of dimensions 10 mm × 10 mm with 16 square-shaped spaces was used [ Figure 1a ]. For standardization of all the samples, this wax assembly was invested in stone plaster and dewaxed. Heat cure acrylic resin (Trevalon; DPI, Mumbai, India) was packed, cured, and a positive replica of the mesh was obtained. An impression of this acrylic resin pattern was made with putty consistency vinyl polysiloxane (Reprosil; Dentsply Caulk, Milford, USA) and a mold was obtained [ Figure 1b ]. Uniform sized wax patterns were obtained for casting from this mold space.
Investing, burn out and casting: A standard 2 mm diameter sprue (Wachsdraht; Renfert, Germany) of length 10 mm with reservoir was attached to each wax patterns which were placed on sprue former [ Figure 2a and b]. Asbestos-lined casting ring of 40 mm internal diameter was placed over the sprue former. Investing was performed for respective groups under vacuum mixing (Dentaurum Airvac) following the manufacturer's instructions. After 60 min of bench set, wax burnout was done at 250°C for 1 h followed by 850°C for 1 h and then cast in induction casting machine (SmartCast; Aseg Galloni, Italy) using nickel-chromium alloy (Wirolloy NB). After cooling at room temperature, sprues were sectioned, and samples were sandblasted using Easyblast (BEGO, Germany). The above procedure was repeated for all castings [ Figure 3 ] in all combinations of alloy using the different investment materials. The sprue buttons of castings from Group 1 were cut into different portions so as to mix it with new alloy by weight (using digital weighing machine: Essae) in proper proportions for Group 2.
Evaluation of specimens
The castability was evaluated for all the samples from all six groups. Obtained castings were evaluated for castability using formula suggested by Whitlock et al. [4] Grid with 16 square spaces will provide 40 segments. 
Statistical analysis
Statistical analysis was performed by Student's t-test and one-way ANOVA using SPSS 20.0 (IBM, USA) with P ≤ 0.05.
RESULTS
The results are presented in Tables 2-6 .
The results of this study show that mean castability values ranged from 97.5% to 99.5%, and there was no significant difference (P > 0.05) between castability of fresh alloy and recast alloy using different investment materials.
DISCUSSION
Castability plays an important role in the selection of an alloy for cast dental restorations. The escalating cost of gold has contributed to the widespread use of base metal alloys for fabrication of removable partial denture frameworks. [1] The popularity of base metal alloys is further enhanced by their resistance to corrosion, reduced weight, and generally more favorable physical properties than those of gold. [1] As an economic measure, excess gold (buttons and sprues) has routinely been recast in combination with new metal to produce clinically acceptable castings. [1] Since the cost of base metal alloys was affordably low in those days, the sprues and buttons remaining after casting were discarded. [1] However, at present, the cost of these base metal alloys has become exorbitant. Despite this, manufacturer's instructions suggest that alloy should be used only once for casting. Few manufacturers advocate partial addition of new alloy to the sprue and buttons for recasting. [1] Apart from the cost, every material should be recycled as far as possible to conserve resources and protect the environment.
A good cast restoration requires certain optimum properties that should remain constant not only during various laboratory procedures but also in the oral environment. [5] The restoration should be biocompatible and should not release cytotoxic elements in the oral environment. [5, 6] The practicality of recasting base metal alloys as an economic measure come under close scrutiny because the remelting of base metal alloys introduces the opportunity to alter chemical composition and physical properties thereby altering the biocompatibility and cytotoxic properties of the alloy. [6] However, such an evaluation is beyond the scope of this study. Nevertheless, it is very clear that recasting should not be done at the expense of the properties of the alloy, and its biocompatibility should be evaluated. Since 1962, studies regarding recasting of base metal alloys have been conducted by various researchers. [4, [7] [8] [9] They have mainly evaluated the properties of recast alloy such as tensile strength, ultimate tensile strength, percentage elongation, modulus of elasticity, mean yield strength, microstructure, and microhardness. This study was undertaken to evaluate the castability and the effect of two different investment materials on the recasting of nickel-chromium alloy.
The castability value of various alloys and casting technique have been studied by various methods. However, it has been found that Whitlock's method is easy, and no special equipment is needed to assess the castability. [3] According to Johnson and Winstanley, [3] the castability of an alloy may be affected by several factors, including composition, density, surface tension, type of investment, cast temperature, casting machine, positioning of the wax pattern, and vent sprue shape. It is crucial to have knowledge of both the material and the equipment employed in casting as well as establish a standard casting pattern according to two basic principles:
Cast the alloy at the lowest temperature as possible to obtain better physical and mechanical properties; and have a cast alloy flow that fills the mold with maximum precision. [3] Several factors related to both the material and the technique employed in investing and casting processes influence the properties of the cast restorations and dentures. Thus, knowing and controlling these factors is important to have predictable outcomes. [3] The results also suggest that castability basically depends on the flow of the molten alloy. It is presumed that the flow of the metal alloy remains the same because the alloy is not affected despite its contents being subjected to reheating. This is a very significant finding to advocate recasting of the alloy. Hence, it can be concluded that recasting can be done for Wirolloy NB without adding new alloy before each recasting. It can also be advocated that completely cleaned and deoxidized casted alloy need not be added with new alloy in any proportion. This finding is of great significance in view of the cost involved and maintaining the level of available natural resources. The results of this study are in agreement with those studies done by Palaskar et al., [1] Nakhaei et al., [10] and Mosleh et al., [11] who suggest that recasting will not affect the castability of nickel-chromium alloy.
The results also show the presence of completely filled squares on casting, as shown in Table 6 , which shows overfilling of mold by molten metal. Occurrence of voids was seen to a greater extent in Deguvest Impact investment material as compared to Bellavest SH; however, the difference was not statistically significant. Hence, both the investment materials may be used for recasting of nickel-chromium alloys.
The difference between numbers of filled squares could be because of various reasons. One possible cause of completely filled squares might be an inadequate flow of investment material through wax mesh patterns resulting in voids formation during investing. Furthermore, it could be caused by the excess flow of molten metal through the mold at high pressure. Although for the purpose of standardization, the same operator carried out the investing and casting technique, this discrepancy could be attributed to intra-operator errors during the study.
CONCLUSION
Within the limitations of the study, it was concluded that: 1. There was no significant difference in castability among the three groups of alloys, i.e. 100% fresh alloy, 50% fresh and 50% recast alloy, and 100% recast alloy 2. There is no need of adding new alloy during recasting to maintain the castability of nickel chromium alloy 3. There was no significant difference found in castability of nickel-chromium alloys using two investment materials Deguvest Impact and Bellavest SH. 
